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ABSTRACT: 

PURPOSE: To roll a slab having a large single weight and to 
obtain the effect 

similar to the effect obtainable with full continuous rolling by 
noncontinuous 

rolling by bisecting a rolling stage of a continuously cast slab 
to fore and 

post stages and winding and rewinding a sheet bar which is an 
intermediate 

product to an up end state, 

CONSTITUTION: A slab S<SB>K/SB> which is cast continuously with 
a rolling 

device A in a fore, stage is formed with a high draft rolling mill 
2A and a 

rolling mill 3A with shape adjustment to a sheet bar S<SB>2</SB> 
which is wound 

to an up end state, thereby forming an up end sheet bar coil 
SC<SB>K/SB>. The 

coil SC<SB>K/SB> is unwound in the state of the up end state 
with a rolling 

device B in a post stage and is formed with a finishing mill 
group 2B and a 

cooler 3B to a hot strip S<SB>3</SB>, which is taken up to a hot 
coil 

SC<SB>2</SB> having a standard size. The slab S<SB>K/SB> in 
this case is cast 

continuously with a known continuous casting machine 1A and is 
supplied as it 

is to the mill 2A but the slab S<SB>K/SB> cast with the machine 
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1A has about 

200mm thickness and is rolled to about 30mm thickness by the mill 
2A. 
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Claims 

1 . Hot strip rolling method in which a continuously cast slab passes through a 
high-pressure rolling mill and shape regulating rolling mill and is shaped into a sheet bar by a 
pre-stage rolling apparatus, and said shaped sheet bar passes through a first position correcting 
apparatus and is coiled in an edge-up state to be shaped into an edge-up sheet bar coil; the 
aforementioned edge-up sheet bar coil is unwound by a post-stage rolling apparatus, and after 
passing through a second position correcting apparatus, it passes through a group of finish rolling 
mills and a cooling apparatus and is coiled into a hot coil. 

2. The hot strip rolling method described in Claim 1 where a plurality of the pre-stage 
rolling apparatuses in accordance with the processing capability of said post-stage rolling 
apparatus are furnished in parallel for each post-stage rolling apparatus, and said plurality of 
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pre-stage rolling apparatuses are continuously driven in sequence for a fixed time interval 
determined according to the processing capability of the aforementioned post-stage rolling 
apparatus. 

Detailed explanation of the invention 

This invention pertains to a hot strip rolling method. In more specific terms, its objective is 
to roll a large single-layer slab and obtain the same effects as with fully continuously rolling with 
non-continuous rolling. 

Heretofore, hot strips would normally be produced by reheating slabs (about 250 mm 
thick) obtained by continuous casting or blooming in a heating furnace and then passing them 
through a rough rolling mill and a finishing rolling mill. 

The aforementioned hot strip rolling production method thus requires that a slab be 
reheated in a heating furnace, so the fuel consumption rate is poor. The slab must also be 
maintained horizontally at auxiliary locations, e.g., the slab yard and heating furnace, so there are 
problems in handling, in facilities, etc. for large, single-layer, long slabs (for example, more than 
1 5 m). Rolling of large single-layer slabs is extremely difficult in terms of facilities, and rolling is 
performed using slabs with a maximum of about 20-30 tons per unit. So when coils of the same 
size follow, there have been problems, such as the fact that irregular parts occur at the front end 
and back end of the product, which is unfavorable for quality and yield. 

As a means of solving these various problems, means for shaping hot strips by fully 
continuous rolling have been proposed. 

- By directly rolling and shaping from a continuous casting machine, the fuel consumption 
rate is improved. 

- In non-continuous rolling, each rolling mill must mesh smoothly between the top and 
bottom rolls of the group of rough rolling mills and the group of finish rolling mills. So the shape at 
the front end of each roll stock and the thickness must be regulated, but that is not required with 
fully continuous rolling. 

- In non-continuous rolling, the front end and back end of each roll stock drops, so there is 
a difficulty that the material in the shaped product will not be uniform. With fully continuous 
rolling, such difficulty does not occur. 

In non-continuous rolling, there are inevitably temporal and mechanical spaces without 
any rolling operation between the preceding roll stock and the following roll stock. So the rate at 
which the expensive facilities are effectively used will be low, and productivity is also poor. In 
contrast to this, with fully continuous rolling, no such handicap is produced. 

Thus there are many advantages. 
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In this way, fully continuous rolling has been able to solve a variety of difficulties of 
conventional non-continuous rolling, but the casting speed and capability of a single continuous 
casting machine is small. So it is difficult to obtain a large-scale process. This problem cannot be 
solved simply by increasing the scale of each of the components used in the past, and there are a 
great number of technical problems. So at the present time, there are many technical difficulties for 
implementation. 

When current hot strip production processes are considered, the following points are 
notable. 

In steelmaking, steel is produced in single charges (100-300 tons) with a batch operation 
determined by the converter capacity. Looking at the makeup of hot strip orders, lots of the same 
width and same thickness are often in units of 50-100 tons on average. 

From this, by at most making continuous rolling in 1 charge units possible, it will be 
possible to obtain the same effects as with fully continuous rolling even with non-continuous 
rolling, for example. 

This invention was created based on the aforementioned viewpoint to solve problems and 
difficulties in the aforementioned conventional examples. It separates the rolling process into two 
processes: a pre-stage rolling process and a post-stage rolling process, and it coils and unwinds the 
sheet bar, which is the intermediate product, in an edge-up state. 

An application example of this invention will be explained below by referring to figures. 

In this invention, continuously cast slab (Si) passes through high-pressure rolling mill (2 A) 
and shape regulating rolling mill (3 A) and is shaped into sheet bar (S2), and sheet bar (S2) is also 
coiled into an edge-up state to be shaped into edge-up sheet bar coil (SCO by pre-stage rolling 
apparatus (A). 

Next edge-up sheet coil (SCI) still in the edge-up state is unwound and passes through a 
group of finish rolling mills (2B) and a cooling apparatus (3B) to be shaped into hot strip (S3) by 
post-stage rolling apparatus (B). Hot strip (S3) is coiled into fixed dimension hot coils (SO2). 

Slab (Sj) is continuously cast with a known continuous casting machine (1 A) and is 
supplied unchanged to high-pressure rolling mill (2 A). Slab (Si) cast by continuous casting 
machine (1 A) is around 200 mm thick, and it is rolled to about 30 mm thickness by high-pressure 
rolling mill (2A). 

The shape of sheet bar (S 2 ) that is rolled to about 30 mm thickness by high-pressure rolling 
mill (2A) is corrected by shape regulating rolling mill (3 A). Then it is coiled on coiling machine 
(6 A) and shaped into edge-up sheet bar coil (SCI). First position correcting apparatus (7 A), which 
is composed of many rollers and guides to correct the position of sheet bar (S2) that is in a 
horizontal position, is furnished at the inlet side of coiling machine (6A) to coil sheet bar (S2) in a 
horizontal position at this time, into an edge-up state with coiling machine (6A). 
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Edge-up sheet bar coil (SCj) shaped by pre-stage rolling apparatus (A) is unwound still in 
the edge-up state and is shaped into hot strip (S 3 ) by post-stage rolling apparatus (B). Sheet bar (S 2 ) 
that is unwound still in an edge-up state from edge-up sheet bar coil (SCj) is corrected into a 
horizontal position by second position correcting apparatus (IB), that is constituted exactly the 
same as aforementioned first position correcting apparatus (7 A). Then it is rolled to a desired 
thickness by a group of finish rolling mills (2B) and the material quality is adjusted by cooling 
apparatus (3B), and it is then shaped into hot strip (S 3 ). It is cut into required lengths by traveling 
shears (4B) and coiled on a coiler, to be formed into hot strip coils (SC 2 ). 

In this way, this invention shapes sheet bar (S 2 ) into edge-up sheet bar coil (SCO with 
pre-stage rolling apparatus (A), and shapes the sheet bar (S 2 ) into edge-up sheet bar coil (SCj) and 
while still in the edge-up state unwinds it followed by shaping it into hot strip (S 3 )with post-stage 
rolling apparatus (B). The rolling operation is divided into a pre-stage rolling process and then a 
post-stage rolling process after edge-up sheet bar coil (SCj) is shaped. 

For this reason, since there is the danger that difficulties accompanying uneven cooling of 
the front and back ends of sheet bar (S 2 ) in the aforementioned non-continuous rolling will occur, 
it is desirable that shaped edge-up sheet bar coil (SCi) be stored in heat-retaining chamber (5A) as 
in the application example shown. 

However, when traveling shears (4A) are furnished, and irregular parts in sheet bar (S 2 ) are 
cut out, that is, parts with abnormally low temperature or portions where the temperature has 
dropped at the start or end of casting and portions that have been worn thin by inclusions, and sheet 
bar (S 2 ) is cut to a fixed length to regulate shaped edge-up sheet bar coil (SCj) in a single layer as in 
the application example shown, uniform heat effects in the coil formed by coiling sheet bar (S 2 ) in 
a coil shape will be demonstrated. So heat-retaining chamber (5 A) will not expressly be required 
when shaped edge-up sheet bar coil (SCj) is immediately rolled and shaped by post-stage rolling 
apparatus (B). 

The production capability of post-stage rolling apparatus (B), composed of the group of 
finish rolling mills (2B) and cooling apparatus (3B) for forming one edge-up sheet bar coil (SCi) 
into hot strip (S 3 ) is clearly greater than the production capability for one edge-up sheet bar coil 
(SCI) produced by pre-stage rolling apparatus (A), which is composed of continuous casting 
machine ( 1 A), high-pressure rolling mill (2A), and shape regulating rolling mill (3 A). So for actual 
operation, a plurality of pre-stage rolling apparatuses (A) are combined suitably for the processing 
capacity of post-stage rolling apparatus (B), that is one post-stage rolling apparatus (B). The 
plurality of pre-stage rolling apparatuses (A) is operated in sequence offset by the amount of time 
required for post-stage rolling apparatus (B) to roll and shape hot strip (S 3 ) from one edge-up sheet 
bar coil (SCj). Thus the above is effective for allowing post-stage rolling apparatus (B) to be 
operated continuously. 
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When a plurality of pre-stage rolling apparatuses (A) and one post-stage rolling apparatus 
(B) are used in combination in this way, the furnishing of aforementioned heat-retaining chamber 
(5A) will be useful to make the rolling operation by the plurality of pre-stage rolling apparatuses 
(A) and the one post-stage rolling apparatus (B) more effective. 

Various operating modes for the combination of a plurality of pre-stage rolling apparatuses 
(A) and one post-stage rolling apparatus (B) could be conceived. In the case of the application 
example shown in Figure 1 , two coiling machines (6A) that have an unwinding function are placed 
in heat-retaining chamber (5A) corresponding to one pre-stage rolling apparatus (A). During the 
time that sheet bar (S2) is being coiled on one coiling machine (6 A), edge-up sheet bar coil (SCO 
coiled on the other coiling machine (6A) will be in a standby state or unwind state. 

With the application example shown in Figure 1, two pre-stage rolling apparatuses (A) are 
combined for one post-stage rolling apparatus (B), and two coiling machines (6A) are further 
furnished for each pre-stage rolling apparatus. 

This means that four coiling machines (6A) are furnished inside heat-retaining chamber 
(5 A), and edge-up sheet bar coils (SCj) are coiled and unwound in sequence on the four coiling 
machines (6A). 

In the conditions shown in Figure 1, edge-up sheet bar coil (SCi) coiled on one coiling 
machine (6A) of second pre-stage rolling apparatus (A) is being unwound and the second coiling 
machine (6A) corresponding to the second pre-stage rolling apparatus (A) has sheet bar (S 2 ) coiled 
approximately halfway. 

In contrast to this, edge-up sheet bar coil (SCi) is shaped on the second coiling machine 
(6A) of first pre-stage rolling apparatus (A), and it is in a standby state. First coiling machine (6A) 
has begun coiling sheet bar (S2). 

In the application example shown in Figure 2, a case where one coiling machine (6A) is 
attached to one pre-stage rolling apparatus (A) is shown. So in this case, both pre-stage rolling 
apparatuses (A) are driven prior to post-stage rolling apparatus (B) and two or three edge-up sheet 
bar coils (SCj) will be shaped in advance. 

In the application example shown in Figure 2, the number of coiling machines (6A) 
required is lower and they do not require an unwinding function. In addition, operation between 
the two pre-stage rolling apparatuses (A) and between pre-stage rolling apparatus (A) and 
post-stage rolling apparatus (B) is not expressly limited. On the other hand, though, there are 
disadvantages compared to the case of the application example shown in Figure 1, e.g., the time 
that shaped edge-up sheet bar coil (SCO w iH remain in heat-retaining chamber (5 A) will be longer, 
edge-up sheet bar coil (SCj) will have to be removed from winding machine (6A), and special 
unwinding machine (5B) for unwinding edge-up sheet bar coil (SCj) is required. 
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To give a concrete example of pre-stage rolling apparatus (A) and post-stage rolling 
apparatus (B), the capability of a general continuous casting machine (1A) is about 103 tons/1 
strand day. For post-stage rolling apparatus (B) with a processing capability of 203 tons/day, 
combining two pre-stage rolling apparatuses (A) is realistic. With a high-speed casting type 
continuous casting machine (1 A), e.g., a D series caster currently under development, a capability 
of about 203 tons/1 strand day is predicted, so two pre-stage rolling apparatuses (A) can be 
combined for one post-stage rolling apparatus (B) that uses a high-speed rolling mill with a 
processing capacity of 403 tons/day. 

The arrangement and combination of pre-stage rolling apparatuses (A) and post-stage 
rolling apparatus (B) in the application example shown in Figure 1 has some positioning 
restrictions and operating restrictions, and tends toward lower production due to the production 
capabilities of aforementioned continuous casting machine (1 A). In contrast to this, the 
arrangement and combination of pre-stage rolling apparatuses (A) and post-stage rolling apparatus 
(B) in the application example shown in Figure 2 tends toward large-scale production because of 
an unlimited number of edge-up sheet bar coils (SCi). 

A variety of embodiments can be obtained with this invention as above, but for 
implementing any of the embodiments, shaped sheet bar (S 2 ) must be shaped into edge-up sheet 
bar coil (SC,). 

An example of the structure of coiling machine (6A) for coiling sheet bar (S2) into an 
edge-up state and shaping edge-up sheet bar coil (SCO is shown in Figure 3. 

The main portion (6A) of coiling machine (6A) is constructed with turntable (6A 2 ) 
rotatably attached to support base (6A1) that is immovably fixed, and with mandrel (6A3) installed 
upright in the center on the top surface of turntable (6A 2 ). Guide mechanism (6A 5 ) to permit 
winding of sheet bar (S 2 ) on mandrel (6A3) accurately and smoothly is furnished facing toward 
aforementioned mandrel (6A3). 

Guide mechanism (6A5) has many guide rolls (6A6), that press sheet bar (S 2 ) that is 
introduced to be coiled on mandrel (6A3) against mandrel (6A3), and an appropriate number of 
guide plates (6A7) so that the introduced sheet bar (S 2 ) will travel in the coiling direction on 
mandrel (6A3). Each guide roll (6A6), as in the application example shown, applies pressing force 
toward mandrel (6A3) while maintaining a fixed position due to cylinder (6As) or the like. 

The pressing force applied to guide rolls (6A$) acts when sheet bar (S 2 ) starts to coil on 
mandrel (6A3). There are no holes in sheet bar (S 2 ) coiled on mandrel (6A3) and no friction 
displacement is produced between the stacked surfaces because of the pressing force, so there is no 
danger that the surface of sheet bar (S 2 ) will be damaged. 
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Guide mechanism (6A5) is necessary only when sheet bar (S2) is coiled, so at times other 
than during the coiling operation, each guide roll (6A 6 ) and guide plate (6A7) is kept in a folly 
retracted position. 

The coiling machine (6A) used with the embodiment shown in Figure 1 must have an 
unwind function. So turntable (6A 2 ) and mandrel (6A3) must be attached to support base (6A1) to 
be able to idle. 

In contrast to this, the coiling machine (6A) used in the embodiment shown in Figure 2 
does not require an unwind function, but rather shaped edge-up sheet bar coil (SCj) must be 
removed from coiling machine (6A). 

For this reason, it is constituted with coil holding plate (6A4), in the form of a flat disk, 
further furnished on top of turntable (6A 2 ) to be removable, and also so that mandrel (6A3) can be 
lowered and stored inside support base (6A1) as shown, for example. After edge-up sheet bar coil 
(SCO is shaped with coiling machine (6A), mandrel (6A3) is lowered, and then edge-up sheet bar 
coil (SCj) can be removed from coiling machine (6 A) while still mounted on coil holding plate 
(6A 4 ), which is convenient. 

This invention shapes sheet bar (S 2 ) into edge-up sheet bar coil (SCO by coiling it in an 
edge-up state. So even if edge-up sheet bar coil (SCO * s a l^ge single layer, there will be 
absolutely no danger that coil (SC]) will be crushed or that it will be abraded. 

And as above, edge-up sheet bar coil (SCi) can be made into a large single layer, so with 
post-stage rolling apparatus (B), the large single-layer coil (SCi) will be continuously rolled. The 
effects that can be obtained by this are that strip quality is improved, yield is improved, and 
production efficiency is improved. 

In addition, the production capability of sheet bar (S 2 ) using continuous casting machine 
(1 A) and the capability for shaping the shaped sheet bar (S 2 ) into hot strip (S3) can be adapted. So 
each rolling mill and the other various facilities for shaping hot strip (S3) can be operated 
continuously without any wait time, so it will be possible to use expensive facilities effectively. 

As is clear from the explanation above, this invention can make coil (S 2 ) into a large single 
layer. So hot strip quality can be improved, and improved yield and improved production 
efficiency can also be achieved. The expensive facilities and equipment required to product hot 
strips can also be operated and used efficiently. In addition, it is possible to shape large 
single-layer coils (SCj) continuously from a continuous casting machine, so the same effects as the 
effects obtained with fully continuous rolling, e.g., improved fuel consumption rate, can be 
obtained. 
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Brief description of the figures 

Figure 1 is an arrangement diagram of facilities and equipment that shows one embodiment 
of this invented method. 

Figure 2 is an arrangement diagram of facilities and equipment that shows another 
embodiment of this invented method. 

Figure 3 is an oblique view that shows a concrete structural example of a coiling machine 
along with the position correcting apparatus. 

Explanation of symbols 
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Pre-stage rolling apparatus 
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Post-stage rolling apparatus 
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Continuous casting machine 
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High-pressure rolling mill 
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4A 


Traveling shears 
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Heat-retaining chamber 


6A 


Coiling machine 
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First position correcting apparatus 


IB 


Second position correcting apparatus 


2B 


Group of finishing rolling mills 
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Cooling apparatus 
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Traveling shears 
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Slab 
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Sheet bar 
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Hot strip 
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Edge-up sheet bar coil 
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Hot strip coil 
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